Objective. To evaluate differences in hospital readmission risk across all payers in South Carolina (SC). Data Sources/Study Setting. South Carolina Revenue and Fiscal Affairs Office (SCRFA) statewide all payer claims database including 2,476,431 hospitalizations in SC acute care hospitals between 2008 and 2014. Study Design. We compared the odds of unplanned all-cause 30-day readmission for private insurance, Medicare, Medicaid, uninsured, and other payers and examined interaction effects between payer and index admission characteristics using generalized estimating equations. Data Collection. SCRFA receives claims and administrative health care data from all SC health care facilities in accordance with SC state law. Principal Findings. Odds of readmission were lower for females compared to males in private, Medicare, and Medicaid payers. African Americans had higher odds of readmission compared to whites across private insurance, Medicare, and Medicaid, but they had lower odds among the uninsured. Longer length of stay had the strongest association with readmission for private and other payers, whereas an increased number of comorbidities related to the highest readmission odds within Medicaid. Conclusions. Associations between index admission characteristics and readmission likelihood varied significantly with payer. Findings should guide the development of payer-specific quality improvement programs.
& Medicaid Services 2014; Rau 2014) . In addition, reports suggest that state organizations and commercial insurance providers are contemplating, or have already implemented, reimbursement penalties related to hospital readmissions (Chang 2014; Chen, Scheffler, and Chandra 2014; Integrated Healthcare Association 2014a,b) . In South Carolina (SC), Blue Cross/Blue Shield of SC will implement payment incentives for hospitals with lower than expected readmission rates (S. Stinson, MD, personal communication) . Such readmission performance incentive programs can potentially foster innovation to improve hospital care transitions.
We performed a retrospective cohort study of acute care hospitalizations in SC to compare differences in the likelihood of hospital readmission across payers. Additionally, we examined both common index diagnoses and comorbidities leading to readmission and evaluated the effect of interactions between payer and index admission characteristics on the odds of readmission. To our knowledge, this is one of few studies to assess readmissions across multiple payer groups and the first to consider payer interactions.
METHODS
This population-based surveillance data analysis was conducted after securing approval from the Institutional Review Board of the University of SC. Data for this study were obtained from the SC Revenue and Fiscal Affairs Office (SCRFA). Since 1996, in accordance with SC state law, SCRFA has received health care data from all hospital inpatient facilities within the state.
Inclusion and Exclusion Criteria
Acute hospitalizations were eligible for inclusion if there were at least 30-day follow-up from the discharge date and the patient was between 18 and 100 years of age, discharged alive, and not transferred to another acute care hospital upon discharge. Based on these criteria, the initial cohort included 2,607,011 hospitalizations in SC acute care hospitals from January 1, 2008 to December 31, 2014. After excluding hospitalizations with incomplete administrative data, those discharged against medical advice, and admissions for "rehabilitation care; fitting of prostheses and adjustment devices" (CCS 254), a total of 2,476,431 hospitalizations served as the final study cohort for analysis. CCS refers to the Agency for Healthcare Research and Quality's Clinical Classification Software (CCS) for deriving diagnosis categories based on 1042 HSR: Health Services Research 52:3 ( June 2017) principal diagnoses (Agency for Healthcare Research and Quality 2014) . As it would be impractical to analyze principal diagnoses using the vast quantity of International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes, CCS was used to group these codes into clinically meaningful categories.
Variable Specification
Following Horwitz et al. (2015) , the outcome for this study was unplanned all-cause 30-day readmission after an admission for any condition. Any readmission which occurred within 30 days of a previous discharge date was eligible, excluding those that were considered planned. Planned readmissions were those including at least one of 32 commonly planned procedures or maintenance chemotherapy. However, these readmissions were only excluded from the definition if they also did not contain an acute illness or a complication of care. For these specifications, we used a predetermined list of CCS procedure categories and 26 discharge CCS condition categories, also originally compiled by Horwitz et al. (2015) . The process for analytic cohort selection and specifying unplanned readmission is outlined in Figure 1 . Payer was designated as the primary payer on the medical claim and categorized as private (commercial insurance and private HMO), Medicare, Medicaid, uninsured (self-insured and indigent/charitable organization), and other payers (worker's compensation, Champus, State, and County). Index admission characteristics included gender (male or female), age (18-29, 30-39, 40-49, 50-59, 60-69, 70-79, or 80+ years) , race (white, African American, or other), and urban/rural status, which was defined according to the 2010 Office of Management and Budget standards for defining metropolitan statistical areas and micropolitan statistical areas (2010 Standards for Delineating Metropolitan and Micropolitan Statistical Areas, 2010) . Length of stay (LOS; ≤2 days, 3-5 days, or ≥6 days) was calculated as the difference in days between the discharge and admission dates.
Comorbidities were derived from the Elixhauser Comorbidity Index, which includes 30 specific comorbidities based on the ICD-9-CM coding manual (Elixhauser et al. 2013) . Specifically, the enhanced ICD-9-CM coding algorithms (Quan et al. 2005) were used to define comorbidities in our study based on up to 14 secondary diagnosis codes recorded with the admission. Additionally, the number of comorbidities per hospitalization was classified into four categories (0, 1, 2, or ≥3).
Hospital Readmission Risk across Payers
Hospitalizations in SC Acute Care Hospitals, 2008 Hospitals, -2014 Hospitalizations age <18 or >100 years (N= 584,435, 15 We expect moderate or high collinearity between certain analysis variables, such as Medicare payer and age groups 60-69, 70-79, and 80+ years, LOS, and comorbidity number.
Missing Data
Of 2,607,011 acute hospitalizations meeting the study inclusion criteria, 79,438 hospitalizations were excluded due to missing data on payer, gender, age, race, urban/rural status, dates of admission or discharge, patient identifier, or hospital identifier. This resulted in a cumulative missing prevalence of 3.0 percent for this study.
Analysis
Descriptive statistics were calculated to examine index admission characteristics of hospitalizations, including gender, age, race, urban/rural status, LOS, and number of comorbidities by payer. Additionally, annual readmission rates for each payer were plotted to observe trends in readmission by payer. For all unplanned all-cause 30-day readmissions, we determined the 10 most frequent conditions from the index admission for each payer using CCS diagnosis categories. Similarly, we identified the 10 most frequent comorbidities from the index admission, based on the Elixhauser Comorbidity Index, related to a subsequent readmission by payer. All data analyses were performed using SAS for Windows, version 9.4 (SAS Institute Inc., Cary, NC).
Initially, unadjusted odds ratios (ORs) were calculated for each index admission characteristic to determine individual associations with 30-day readmission. We then incorporated these characteristics into a logistic regression model. To account for clustering at the hospital level, we used generalized estimating equations (GEEs) with an independent correlation matrix. Adjusted ORs were based on this main effects model. To test for payer interaction, we augmented the main effects models with interactions between payer and index admission characteristics. All interactions excluding payer by urban/rural status were significant at a ≤ 0.05, and the inclusion of interaction significantly decreased the Akaike information criterion (AIC). Removing the payer by urban/rural status interaction further decreased the AIC and resulted in our final model.
To test model robustness, we randomly selected 60 percent of the total observations and executed the final model with the resulting data. We repeated this process 100 times with different randomly selected samples resulting in a total of 100 sets of estimates. In the cross-validation of 100 samples, estimates were consistent across samples and reflected our parameter estimates in the population.
RESULTS
Characteristics of the 2,476,431 included SC hospitalizations are shown in Table 1 by primary payer. In the total cohort, the majority of hospitalizations were for females (61.1 percent), whites (65.3 percent), and those living in urban areas (69.2 percent). Most hospitalizations had a LOS of ≤2 days (42.0 percent) or 3-5 days (37.3 percent), and nearly 80 percent of hospitalized patients had at least one comorbidity. Medicare was the primary payer for a large proportion of the cohort (40.6 percent), 30.1 percent had private insurance, 15.8 percent had Medicaid, 10.9 percent were uninsured, and 2.5 percent had another form of insurance. The cohort spanned 65 SC hospitals, ranging from 36 to 171,994 hospitalizations within the study period.
Of 271,365 readmissions, 30,135 were categorized as planned. Subsequently, 8,600 of planned readmissions were determined to include an acute illness or complication of care, thus resulting in 21,535 readmissions which were excluded. Therefore, there were a total of 249,830 readmissions which met the definition of unplanned all-cause 30-day readmission and an overall readmission rate of 10.1 percent. As displayed in Figure 2 , annual readmission rates were highest among Medicare and Medicaid beneficiaries, lowest among private and alternate payers, and intermediate among the uninsured.
Of the most frequent principal diagnoses leading to unplanned readmission shown in Table 2 , only diabetes mellitus with complications was seen across all payers. Congestive heart failure, COPD, and bronchiectasis, and pneumonia appeared in four of the five payer groups. Additionally, several conditions including sickle cell anemia, pancreatic disorders, alcohol-related disorders, renal failure, and spondylosis among others were specific to individual payers. In contrast to the principal diagnoses, 8 of 10 most frequent comorbidities shown in Table 3 were found across all payers, and hypertension was the most frequently occurring. Alcohol and drug abuse were outliers, found in only one or two payers, respectively.
Unadjusted associations of individual admission characteristics with readmission are shown in Table 4 along with adjusted odds of readmission based on the main effects model, including payer, gender, urban/rural status, age, race, LOS, and number of comorbidities. In the model, Medicare and Medicaid populations had higher odds of readmission compared to those with private insurance, whereas those with other payers had lower odds. Females and those living in urban areas of SC were less likely to be readmitted compared to males and rural dwellers, respectively. African Americans had a higher likelihood of readmission compared to whites and other races. Adjusted odds of readmission also increased with longer LOS and higher number of comorbidities. Table 5 shows adjusted odds ratios stratified by payer from our final model incorporating interactions between payer and admission characteristics. The odds of readmission decreased for females compared to males in the private, Medicare, and Medicaid payer groups, but there was no association between gender and readmission for uninsured and other payers. Within Medicare, the 60-69 and 70-79 age groups had slightly higher odds of readmission compared to the 80+ age group. Within Medicaid, those younger than 70 years old had a higher odds of readmission compared to older age groups, but readmission odds did not vary significantly for those between 18 and 69 years old. African Americans had higher odds of readmission across private insurance, Medicare, and Medicaid, but had lower odds among the uninsured compared to whites. Increased LOS and number of comorbidities were consistently associated with higher odds of readmission across all payers. LOS had the strongest association within private and other payer groups, whereas an increasing number of comorbidities related to the highest odds of readmission within the Medicaid group. Adjusted for gender, urban/rural status, age, race, LOS, comorbidities, and their interactions with payer (payer*urban/rural was excluded as it was not significant).
AA, African American; CI, confidence interval; OR, odds ratio.
DISCUSSION
Our study findings are unique because previous literature has not concurrently compared all payers to examine interactions between index admission characteristics and payer group. Our results indicate that Medicare patients have consistently higher annual readmission rates compared to all other payer groups and were similar compared to previous studies of readmission in Medicare populations ( Jencks, Williams, and Coleman 2009; Lindenauer et al. 2010; Horwitz et al. 2014 ). While there was not an obvious change in readmission rates over the study period as a whole, we noticed a slight decline within Medicaid and Medicare in the last few years. This finding is in line with a recent report that suggests modest improvements in readmission rates in the Medicare population (Gerhardt et al. 2013) . Of particular importance is the variation noted by payer in the conditions leading to readmission. Diabetes mellitus was a leading diagnosis across all payer groups, although by volume of readmissions, congestive heart failure (noted in four of the five payer groups) was the leading diagnosis. The prevalence of these conditions, as well as pneumonia and COPD (also seen in four of the five payer groups), reinforces the importance of these strategic targets for focused work. Importantly, given population differences, the specific programs that have been developed emphasizing Medicare populations may need to be tailored for other groups. Of high interest is the recognition that sickle cell anemia, a lifelong condition with significant risks of morbidity and mortality, is the leading diagnosis related to readmission for the Medicaid population, but it is not present in any other category. Further analyses of this population and within payers of other subpopulations with high readmission frequency, such as pancreatic disorders and alcohol use disorders, are needed to explore specific health needs that could be targeted as a component of an overall readmission reduction strategy.
When evaluating comorbid conditions most associated with readmission, we saw remarkable consistency with 8 of the 10 comorbid conditions seen across all payer groups. Interestingly, fluid and electrolyte disorders were seen across all groups, creating an important target of attention toward discharge planning, as it is broadly linked to readmission and is an acute problem, unlike many of the other comorbid conditions associated with readmission. Another interesting finding is the presence of depression in all categories, as the subject of mental health and how to address it has been a topic of discussion lately. Likewise, renal failure contributes in all payers was an important comorbidity for readmission and was a top-five comorbidity in the Medicaid group. These findings create new opportunities to focus work on readmissions with the potential to enhance patient-centered models that could broadly benefit the population.
With respect to subject characteristics, we observed that females were less likely to be readmitted compared to males for the privately insured, Medicare, and Medicaid, as has been observed in prior studies (Anderson and Steinberg 1985; Krumholz et al. 1997) . Generally, women have been recognized as health care decision makers and have a higher overall utilization of health care services compared to men (Bertakis et al. 2000) . Additionally, there is a known impact of gender on health that is multifactorial, with women having longer life expectancy overall which may indicate a protective effect of gender on known negative health outcomes such as readmission (Baker et al. 2014) . This association was particularly present in Medicaid patients, where females were 0.72 times less likely to be readmitted. There are several confounding components, including the dominance of this population by women, attributed in part to Medicaid availability for low-income women during pregnancy and mothers of young children who may qualify. Qualification for nonpregnant, nonparents is stricter, resulting in an impoverished male population that may not have health benefits through Medicaid consistently, a factor that is known to constitute higher risk when benefits are available.
Our findings are consistent with work by Joynt, Orav, and Jha (2011) , who examined hospitalized Medicare recipients and found that black patients had higher odds of 30-day readmission. They also discovered that patients discharged from minority-serving hospitals had higher readmission rates than those from nonminority-serving hospitals. Our current findings provide further evidence of racial differences in hospital readmission rates and offer initial evidence beyond the Medicare population (Tsai, Orav, and Joynt 2014) . This is especially important in Medicaid populations where African Americans are disproportionately represented in SC. Racial and ethnic disparities in care are well documented, and these findings further highlight the need to identify and address disparities in care (2013 National Healthcare Disparities Report, 2014 .
In this study, those living in rural areas were more likely to be readmitted compared to patients in urban areas based on the analysis of main effects, but we did not find a significant interaction between urban/rural status and payer. Approximately, 17 percent of U.S. residents dwell in rural areas, and these individuals face significant disparities in disease prevalence, access to care, and health outcomes (Spoont et al. 2011; Meit et al. 2014; Weissman et al. 2015) . Rural residents are more likely be hospitalized for ambulatory care-sensitive conditions, be diagnosed at a later cancer stage, and experience worse outcomes for chronic kidney disease (Spoont et al. 2011) . Moreover, rural dwellers have significantly lower health-related quality of life (Weeks et al. 2004 ). These observations highlight the need for further study of hospitalized patients from rural areas as well as program development to mitigate the known additional risk these individuals experience across the board.
This study was dependent on administrative data records, which may include incomplete data, lack clinical precision or detail, and contain coding errors, and it relied on an assumption of coding accuracy and completion, as well as clinical precision to define unplanned readmission and identify index admission principal diagnoses and comorbidities. Although this assumption may hold true in the majority of cases, we must still take this limitation into account. Additionally, the possible failure to accurately isolate the principal diagnosis based on administrative records might be a limitation. The principal diagnosis, or the diagnosis determined to be the main reason for the hospitalization, may be misreported as a result of nonclinical decisions or reimbursement incentives.
Furthermore, we excluded 3 percent of patients from the starting cohort who do not have a known payer or did not have complete administrative data. Although we feel the risk is minimal due to the small prevalence of missing values, it may be possible that the exclusion of these patients influenced our findings, especially if exclusions were disproportionate by payer. Another limitation worth noting is the use of hospital data from a single state. There are several hospitals located just over SC state boundaries in North Carolina and Georgia. We were unable to track index admissions or readmissions to these hospitals, which may have reduced readmission rates in our data or influenced findings. Nonetheless, patients admitted or readmitted to out-of-state hospitals were unlikely to have a major effect on results as only 17.6 percent of patients were admitted to more than one hospital during the study period.
In summary, this analysis of a statewide all payer cohort of acute hospitalizations found significant differences in risk of readmission across payer groups with regard to index admission characteristics, including age, gender, race, urban/rural status, LOS, and number of comorbidities. While some of these findings reflect earlier work, others carry specific clinical and health policy import. For instance, the effects of gender, age, and race on 30-day readmission odds varied in terms of magnitude and direction depending upon the primary payer, highlighting the variability of high-risk groups between payer groups. Additionally, we found similarities and differences between the highest frequency index admission principal diagnoses and comorbidities related to subsequent readmission indicating which conditions, when targeted, require a payer-specific approach or may be affected by a more general approach. These findings emphasize the importance of developing interventions and policies to target specific payers, as risk factors differ by group and should guide the development of payer-specific quality improvement programs among all payer groups, particularly non-Medicare populations. For instance, specific programs directed at the Medicaid population have recently been developed by Boutwell et al. (2014) , and some states have developed effective outpatient case management programs to prevent recurrent hospitalizations among high-risk Medicaid enrollees ( Jackson et al. 2013) . Such successful models of care should be adopted, modified, and expanded broadly to other payer populations as well.
